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Abstract 

Objectives: This study was conducted in hypertrophic cardiomyopathy (HCM) 1) to evaluate whether, 

in HCM, late gadolinium enhancement (LGE) on cardiac magnetic resonance (CMR) is a progressive 

phenomenon; and 2) to determine the factors predicting its changes over time. 

Background: Although LGE can reflect myocardial fibrosis in HCM, there is a paucity of data 

available on its progression.  

Methods: A total of 61 HCM patients (59±14 years; 41 males) were prospectively enrolled. Two 

consecutive CMR scans were performed on each patient with a time interval of 570±175 days. The 

LGE extent was quantified as a proportion of total left ventricular (LV) myocardium (%LGE). 

Results: LGE was present in 57 patients (93.4%) at the 1st CMR. In all, LGE extent was significantly 

increased over the period between the 2 CMR scans (6.8±6.4% vs. 9.0±8.8%, p<0.001). LGE 

progression, defined as >4% increase in LGE at the 2nd CMR, was present in 15 patients with non-

apical HCM (24.6%), but in none of the patients with apical HCM. A higher %LGE at the 1st CMR 

and HCM phenotype were two important predictors for LGE progression (p<0.001 and p=0.006, 

respectively). A difference in %LGE was correlated with the initial %LGE (r=0.46, p<0.001). LGE 

progression rate was significantly higher in non-apical (0.16%/month) vs. apical HCM 

(0.025%/month) (p=0.002). On ROC curve analysis, sensitivity and specificity for prediction of LGE 

progression were 93% and 84%, respectively, with %LGE at the 1st CMR of 7.7% as the best cutoff 

(p<0.001). 

Conclusions: Myocardial fibrosis in HCM is a rapid and progressive phenomenon in non-apical 

HCM. Initial LGE extent is a key predictor for LGE progression, while apical HCM plays a protective 

role. 

------------------------------------- 



ii 

 

Keywords: Hypertrophic cardiomyopathy, Magnetic resonance imaging, Late gadolinium 

enhancement 

Student number: 2012-22731 



iii 

 

CONTENTS 

 

Abstract .......................................................................................................... ………………. i 

Contents .............................................................................................................................. .. iii 

List of tables and figures ................................................................................................... .. iv 

List of abbreviations ………………………………………………………………...……... v 

 

Background ............................................................................................................................ 1 

Methods ................................................................................................................................... 3 

Results ..................................................................................................................................... 8 

Discussion.............................................................................................................................. 21 

Conclusion  .......................................................................................................................... 25 

References ............................................................................................................................. 26 

Abstract in Korean .............................................................................................................. 29 

 

 

 

 

 

 

 

 



iv 

 

LIST OF TABLES AND FIGURES 

 

Tables 

Table 1. Baseline characteristics of HCM patients recruited …………….…..…………….…. 9 

Table 2. Changes in CMR parameters ……………………………….…………………..…… 10 

 Table 3. Comparisons of clinical and CMR-1 variables according to LGE progression …….. 16 

 Table 4. Univariate and multivariate analysis for LGE progression ………………………… 18 

 

Figures 

Figure 1 ….……………….……………….……………….…….…………….……….……... 12 

Figure 2 ……………………………………………………….………….…………………… 13 

Figure 3 ……………………………………………………………….………………………. 14 

Figure 4 ……………………………………………………….………….…………………… 17 

Figure 5 ……………………………………………………….………….…………………… 19 

 



v 

 

LIST OF ABBREVIATIONS  

CMR   Cardiac magnetic resonance 

HCM  Hypertrophic cardiomyopathy 

LGE   Late gadolinium enhancement 

LV  Left ventricular 

LV-EF  Left ventricular ejection fraction  

LVMI  Left ventricular mass index 

NYHA  New York Heart Association 

ROC  Receiver-operating characteristic 

SD  Standard deviations 

 



1 

 

Background 

 

Hypertrophic cardiomyopathy (HCM) is the most common genetic cardiovascular disorder, 

occurring in 1 out of 500 people in the general population. Even though most HCM patients follow a 

benign clinical course and have a normal life expectancy, some patients suffer from symptomatic 

heart failure, significant arrhythmias, and sudden death (1-3). In fact, it is the most common cause of 

heart-related sudden death in people under 30 years of age (4). 

Myocardial fibrosis is accepted as a main pathologic feature of such complications. The recent 

evolution of cardiovascular magnetic resonance (CMR) allows for the in vivo visualization of 

myocardial fibrosis using the late gadolinium enhancement (LGE) technique. CMR-determined 

myocardial fibrosis is reported to be closely correlated with a gloomy prognosis of HCM patients, the 

extent of which is proportional to the rise in LGE extent (5). Furthermore, LGE in HCM was found to 

have advantages over traditional risk factors for sudden death in the prediction of major adverse 

outcome, justifying its increasing importance as a prognostic tool (6). Despite its emerging role, the 

question of whether or not the change of myocardial fibrosis in HCM is a real phenomenon has not 

been clearly investigated. Determining the issue can be of clinical value, considering that the 

detection of LGE progression on repeated CMR examination may facilitate early intervention and 

allow for the potential prevention of unexpected adverse events. A recent study performed by Todiere 

et al. showed that LGE extent in HCM is rapidly increased at serial CMR examinations over a time 

interval of about 2 years. In this study, initial LGE extent and apical HCM phenotype were the 2 

independent predictors of LGE increases (7). However, the finding that apical HCM is one of the 

independent predictors of LGE increases is somewhat at odds with the general belief that patients with 

apical HCM have a benign outcome throughout their life time (8-10). For clarification, this requires 
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re-evaluation in separate HCM cohorts. Therefore, the present study aimed 1) to determine whether 

LGE in HCM is a progressive phenomenon; and 2) if so, to identify factors predicting the progression 

of LGE. To resolve the discrepancy between the general expectation of a good outcome in apical 

HCM and the rapid progression of LGE in apical HCM seen in the previous study (7), I specifically 

focused on the role of the HCM phenotype (apical vs. non-apical) on LGE progression. 
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Methods 

 

Patient population 

Seventy-one patients with suspected or known HCM were prospectively enrolled from July 2008 

to February 2012. The diagnosis of HCM was established by the presence of left ventricular (LV) 

hypertrophy on transthoracic echocardiography without objective evidence of cardiac or systemic 

disease accounting for the observed hypertrophy (11). Ten patients were excluded due to the following 

reasons; atrial fibrillation in 2 patients at the first CMR examination (CMR-1), prior history of septal 

myomectomy in 2, prior history of non-ST segment elevation myocardial infarction in 1, a change of 

diagnosis from HCM to cardiac amyloidosis based on the finding of CMR-1 and subsequently 

performed endomyocardial biopsy in 1, and poor quality of CMR-1 for LGE quantification in 4. There 

was no patient dropped out between CMR-1 and CMR-2. Therefore, a total of 61 patients made up of 

the final population for this study. 

Great care was taken to obtain comprehensive information on the current and past medical 

history of all patients. Clinically relevant risk factors such as a history of syncope, chest pain and 

family history of sudden death were systematically investigated. The New York Heart Association 

(NYHA) functional classification system was used to estimate functional capacity. All patients 

underwent comprehensive transthoracic echocardiography, and electrocardiography at the time of 

CMR-1 and CMR-2. To investigate blood pressure response during exercise, a treadmill test was 

performed. In patients with chest discomfort suggesting angina, coronary artery disease was 

systematically excluded using invasive coronary angiography or coronary computed tomographic 

angiography. 

The study was approved by the institutional review board of our hospital and informed consent 

was obtained from all participants before study enrollment. 
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CMR protocol 

     CMR was obtained using a 1.5T scanner (Sonata Magnetom, Siemens, Erlangen, Germany) 

gated with electrocardiogram. Cine images were acquired on multiple short axes (slice thickness of 6 

mm) and 3 long axes for evaluation of LV function, and temporal resolution was 25-30 frames per RR 

interval. Repeated breath-holding was required in order to create adequate images. LGE images for 

detection of myocardial fibrosis were obtained 10 minutes after the injection of double-dose 

intravenous gadopentetate dimeglumine (Magnevist; Schering, Berlin, Germany, 0.15 mmol/kg 

intravenous injection), followed by a flush of 20 mL of saline at the same rate (12). LGE from the 

same image planes to those of the cine images were acquired using the inversion recovery segmented 

spoiled-gradient echo and phase-sensitive inversion recovery sequences. The most appropriate 

inversion time was set to null normal myocardium, usually between 250 and 300 msec, and it was the 

same for both CMR exams. 

 

CMR analysis 

The endocardial and epicardial contours were depicted on short-axis cine images at end-diastole 

and at end-systole to calculate LV end-diastolic and end-systolic volumes, LV ejection fraction (LV-

EF) and LV mass using commercially available software (QMASS MR; Medis, Leiden, Netherlands) 

by a single experienced observer who was blinded to the echocardiographic data. LV mass was 

subsequently adjusted for body surface area, resulting in LV mass index (LVMI). Maximum LV wall 

thickness was measured in the most thickened myocardium throughout short axis images of the entire 

LV. 

I analyzed data in two different ways. Firstly, the presence or absence of LGE and whether or not 

it showed significant changes was visually confirmed without knowledge of other information. Based 
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on this, all patients were classified into 2 groups; i.e. patients with changes in LGE extent and those 

without. Secondly, I analyzed CMR images and performed LGE quantification using commercially 

available software (CMR42, Circle Cardiovascular Imaging inc., Calgary, Canada) in a random order 

of patients, unaware of other data including echocardiography, clinical data, and other CMR 

information. Another independent experienced observer analyzed randomly selected 10 CMR images 

for the purpose of inter-observer variability. Normal myocardium was defined as areas without 

evident LGE that was characterized by completely nulled domain. Myocardial areas showing signal 

intensity greater than 5 standard deviations (SD) than mean signal intensity of normal myocardium 

(completely nulled myocardium) was defined as segments with LGE (13). The threshold figure of 5 

SD was selected because the 5 SD method has been reported to give the best correlation with 

histopathological evidence of fibrosis (13). LGE extent in each segment was expressed as the surface 

area showing LGE divided by the total area of the given myocardial segment, and then summation of 

the planimetered LGE areas in all short axis slices yielded total extent of LGE, which was 

subsequently expressed as a proportion of total LV myocardium (%LGE). LGE quantification of 

CMR-2 was performed without any information on the LGE extent measured at the CMR-1. The rate 

of LGE progression was calculated by the ratio between the %LGE increases and the time interval in 

months between the 2 CMR scans. 

 

Follow-up CMR  

All patients were clinically followed every 3 to 6 months. In order to evaluate the changes in 

CMR-detected LGE, CMR-2 was conducted at least 1 year after CMR-1 at a specialized HCM clinic. 

No patient was lost to follow-up.  

 

Echocardiography 
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All echocardiographic examinations were performed on the same day as CMR using a 

commercially available machine (Vivid 7, GE, Horten, Norway) with subjects in the left lateral 

decubitus position. The LV outflow tract gradient was meticulously investigated and quantified using 

continuous wave Doppler examination. 

 

Statistical analysis 

 Continuous variables that were normally distributed were presented as mean ± SD and were 

compared using independent sample t-test. LGE changes between the 2 CMR examinations were 

compared by paired t-test. The χ2 or Fisher exact test was performed on non-continuous variables, as 

appropriate. Correlation was tested with Pearson’s correlation coefficient. Intra-observer agreement 

was assessed at least 3 months apart.  

Four percentages of LGE change between the 2 CMR examinations was considered a meaningful 

LGE change. The threshold figure of 4% LGE changes between the 2 CMR scans was selected 

because I attempted, specifically and clearly, to detect LGE increases without the inadvertent, 

accidental inclusion, by measurement errors caused by analysis packages and/or limited spatial 

resolution of CMR, of those HCM patients in whom actual LGE changes did not take place. Using 

this value, multivariate logistic regression analysis was performed to determine independent 

predictors of LGE progression at the CMR-2. Any variables with a p value less than 0.1 in the 

univariate analysis or previously known clinically important variables like age were included to 

generate the multivariate regression model. Among the independent variables which were 

incorporated into the multivariate model, none of the patients with the apical type of HCM showed a 

significant increase in LGE greater than 4%. Therefore, the maximum likelihood method could not be 

applied due to this separation problem (the monotone likelihood phenomenon); thus, multivariate 

logistic regression with Firth’s penalization method was employed to resolve this issue. This method 
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is appropriate to use whenever the monotone likelihood is encountered, and the number of events is 

unusually small or the number of covariates unusually large (14, 15). The receiver-operating 

characteristic (ROC) curve was generated to assess the best cutoff value of the %LGE at CMR-1 for 

the best prediction of LGE progression. The optimal cut-off value was defined as the value giving the 

maximal sum of sensitivity and specificity. All statistical analysis was conducted using SPSS 18.0 

(PASW Statistics for Windows, Version 18.0, SPSS Inc., Chicago) or STATA/SE 10.1 (Stata Corp LP, 

College Station, Texas, USA), and a p value of less than 0.05 was considered statistically significant. 
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Results 

 

Patient population 

A total of 61 patients (41 males) with a mean age of 59±14 (range, 19 to 80 years old) were 

included for final analysis. HCM diagnosis had been established at a mean age of 54±15 years. All 

HCM patients were classified into 3 subtypes; apical hypertrophy, asymmetric septal hypertrophy, and 

diffuse or mixed hypertrophy. Apical hypertrophy was diagnosed in patients with hypertrophic 

involvement of the apex only (16, 17). Apical, asymmetrical septal, and diffuse/mixed HCM was 

identified in 16 (26.2%), 26 (42.6%), and 19 (31.1%) patients, respectively. Mean LV-EF of 61 

patients was 66.6±6.8%, and LV-EF of ≤55% was identified in 5 (8.2%) patients. No patient showed 

LV-EF below 50%. 

Twenty-five patients (41.0%) were graded in NYHA class I, 31 (50.8%) in II, 5 (8.2%) in III, 

and 0 (0%) in IV at the time of CMR-1. There was no significant difference between HCM subtypes 

in terms of medications prescribed. One patient (1.6%) presented with dyspnea to the emergency 

department between CMR-1 and CMR-2. Five patients (8.2%) experienced paroxysmal atrial 

fibrillation (on Holter monitoring) throughout the follow-up period. There were no deaths from 

cardiac or other causes during the study period. Baseline characteristics, risk factors and medications 

prescribed are summarized in Table 1. 
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Table 1. Baseline characteristics of HCM patients recruited 

Patient characteristics  

Age at study enrollment (years) 59.3±13.9 

Age at diagnosis (years) 53.7±15.3 

Male (%) 41 (67.2) 

Rate-pressure product  8262.2±1555.5 

Types of HCM  

Apical 16 (26.2) 

Septal 26 (42.6) 

Diffuse / mixed 19 (31.1) 

Echocardiographic parameters  

LV ejection fraction (%) 66.6±6.8 

Left atrial size (mm) 45.4±6.7 

LVOT pressure gradient > 30mmHg 14 (23.0) 

SCD risk factors  

Prior cardiac arrest or sustained ventricular tachycardia 0 (0.0) 

Family history of sudden death 13 (21.3) 

Unexplained syncope 8 (13.1) 

History of nonsustained ventricular tachycardia 2 (3.3) 

Maximal wall thickness > 30mm 4 (6.6) 

Abnormal blood pressure response during exercise test 1 (1.6) 

Medications  

Beta blocker 31 (50.8) 

Calcium channel blocker 27 (44.3) 

RAS blockade 19 (31.1) 

Diuretics 6 (9.8) 

HCM, hypertrophic cardiomyopathy; LV, left ventricle; LVOT, left ventricular outflow tract; S

CD, sudden cardiac death; RAS, renin-angiotensin system. 
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Change in CMR hemodynamic parameters 

LV end-systolic volume was slightly decreased, but LV end-diastolic volume and LV-EF 

showed no significant differences between the 2 CMR examinations. Maximal LV wall thickness at 

end-diastole was significantly increased from 22.6±4.9 mm (range 15 to 34 mm) at CMR-1 and 

22.9±5.0 mm (range 15 to 36 mm) at CMR-2 (p=0.02), but LVMI was comparable between the 

examinations (107.6±31.2 g/m
2
 vs. 106.5±30.4 g/m

2
, p=0.57). Changes in CMR-determined variables 

are illustrated in Table 2.  

 

Table 2. Changes in CMR parameters  

 CMR-1 CMR-2 p value 

CMR parameters    

LV end-diastolic volume (ml) 149.7±33.5 145.9±31.8 NS 

LV end-systolic volume (ml) 51.0±17.1 48.1±15.6 0.03 

LV ejection fraction (%) 66.9±5.7 67.5±6.0 NS 

Maximal end-diastolic thickness (mm) 22.6±4.9 22.9±5.0 0.02 

LV mass index (g/m
2
) 107.6±31.2 106.5±30.4 NS 

LGE    

Presence of LGE 57 (93.4) 57 (93.4) NS 

LGE extent (%) 6.8±6.4 9.0±8.8 <0.001 

 CMR-1 (2), the first (follow-up) cardiac magnetic resonance scan; LV, left ventricle; LGE, late 

gadolinium enhancement 
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Longitudinal LGE changes and its correlates 

LGE was present in 57 patients (93.4%) at CMR-1 and CMR-2. Four patients without LGE at 

CMR-1 showed no LGE at CMR-2. No patients experienced LGE regression over time. In all, %LGE 

was significantly increased between CMR-1 and CMR-2 (6.8±6.4 vs. 9.0±8.8, p<0.001). LGE extent 

expressed as %LGE at CMR-1 tended to be lower in apical HCM vs. asymmetrical septal and 

diffuse/mixed type of HCM, and it showed statistical significance (p=0.002). Of note, a significant 

increment in %LGE could be demonstrated in asymmetrical septal and diffuse/mixed type of HCM by 

serial CMR exams (p=0.009 and p=0.003, respectively), while patients with apical HCM did not 

showed an increment in LGE (Figure 1A). Representative cases are illustrated showing no changes in 

LGE (Figure 2) and significant LGE progression (Figure 3). 
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Figure 1.  

A. Apical HCM showed no significant increment in %LGE between CMR-1 and CMR-2, while 

asymmetric septal and diffuse / mixed HCM showed a significant increase in %LGE 

B. Changes in %LGE between 2 CMR scans according to the type of HCM (apical vs. non-apical). 

There was no LGE progression in the apical HCM phenotype. 

LGE, late gadolinium enhancement; CMR, Cardiovascular magnetic resonance; HCM, hypertrophic 

cardiomyopathy. 
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Figure 2.  

Representative CMR images of a patient with apical hypertrophic cardiomyopathy. No significant 

increase in late gadolinium enhancement is demonstrated 
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Figure 3. 

Representative CMR images of a patient with mixed type of hypertrophy. There is a significant 

increase in LGE extent, especially in mid septal regions. 
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A difference in %LGE was positively correlated with initial %LGE (r=0.46, p<0.001) and 

was inversely correlated with the rate-pressure product (r=-0.27, p=0.04). However, %LGE difference 

was not associated with LVMI at CMR-1 (p=0.41), a difference in LVMI between the 2 CMR scans 

(p=0.25), or LV-EF at CMR-1 (p=0.79). A change in %LGE between the 2 CMR scans was closely 

linked to the type of HCM (p=0.02). When we re-classify the HCM patients into apical vs. non-apical 

types of HCM, non-apical HCM showed statistically significant increases in %LGE as compared with 

apical HCM (p=0.003, Figure 1B). The rate of LGE progression was significantly lower in apical 

HCM (0.025 %/month) in comparison with non-apical HCM (0.16 %/month) (p=0.002).  

I divided all patients into two separate groups; patients with an increase in LGE of > 4% 

(group 1) and those without this increase (group 2). As expected, the %LGE in CMR-1 was higher in 

group 1 than in group 2 (13.4±7.0% in group 1 vs. 4.7±4.5% in group 2, p<0.001). LV end-diastolic 

wall thickness and LVMI at CMR-1 showed no significant differences between the 2 groups (24.5±3.9 

mm and 116.5±35.0 g/m
2
 in group 1 vs. 21.9±5.1 mm and 104.7±29.7 g/m

2
 in group 2, p=0.08 and 

p=0.21, respectively). LV-EF determined by CMR-1 was also comparable (66.4±6.5% in group 1 vs. 

67.1±5.4% in group 2, p=0.67). Of interest, there was a clear difference in terms of the distribution of 

HCM types across the 2 groups; 15 (33.3%) patients with non-apical HCM displayed a remarkable 

increment in LGE (mean increment of 7.4%) at CMR-2, while no patient with apical HCM showed an 

LGE increment at CMR-2 (Table 3, Figure 4). Multivariate logistic regression analysis revealed that 

a higher %LGE at CMR-1 was an independent predictor for LGE progression at follow-up. As well, 

hypertrophy subtype was found to be an important predictor of LGE progression. In particular, apical 

HCM played a protective role in prohibiting LGE progression (Table 4).  
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Table 3. Comparisons of clinical and CMR-1 variables according to LGE progression 

 Group 1 Group 2  

p value An increase in 

LGE > 4% 

(N=15) 

An increase in 

LGE  4% 

(N=46) 

Clinical variables    

Age 55.6±16.4 60.6±12.9 NS 

Age at diagnosis 49.9±16.3 54.9±14.9 NS 

Rate-pressure product 7597.7±1545.1 8478.9±1512.7 NS 

HCM subtype   0.006* 

Apical HCM 0 16  

Non-apical HCM 15 30  

CMR-1 variables    

LV end-diastolic volume (ml) 155.2±34.9 148.0±33.1 NS 

LV end-systolic volume (ml) 53.0±17.7 50.3±17.0 NS 

LV ejection fraction (%) 66.4±6.5 67.1±5.4 NS 

Maximal end-diastolic thickness (mm) 24.5±3.9 21.9±5.1 NS 

LV mass index (g/m
2
) 116.5±35.0 104.7±29.7 NS 

LGE extent (%) 13.4±7.0 4.7±4.5 <0.001 

Abbreviations as tables 1 to 2. 

* by Fisher’s exact test 
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Figure 4. 

LGE progression is variable according to the types of hypertrophic cardiomyopathy. Of note, apical 

hypertrophic cardiomyopathy does not show any increase in late gadolinium enhancement (LGE). 
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Table 4. Univariate and multivariate analysis for LGE progression 

 Univariate  Multivariate 

 Odds ratio 95% CI p value  Odds ratio 95% CI p value 

Age (years) 0.98 0.94-1.02 0.23     

Rate-pressure product  0.99 0.99-1.00 0.07     

LV ejection fraction at CMR-1 (%) 0.98 0.89-1.08 0.66     

LV mass index at CMR-1 (g/m
2
) 1.01 0.99-1.03 0.21  1.01 0.99-1.03 0.48 

Maximal LV end-diastolic thickness at 

CMR-1 (mm) 
1.11 0.98-1.24 0.09  0.97 0.81-1.15 0.69 

%LGE at CMR-1 (%) 1.27 1.11-1.46 0.001  1.23 1.07-1.40 0.003 

Apical type of HCM 0.06 0.003-1.06 0.06  0.14 0.006-2.93 0.20 

C-index of Firth’s penalized multivariate logistic regression model = 0.92 

Abbreviations as tables 1 to 2. 
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NYHA functional class was aggravated in 9 patients (non-apical HCM in 7). Changes 

in %LGE tended to be higher in patients with worsening of NYHA class, but without statistical 

significance (3.5±4.3 vs. 1.9±3.6, p=0.25). Likewise, the rate of LGE progression was not 

significantly different in patients with worsening of NYHA class (0.21±0.26%/month) vs. those 

without (0.11±0.23 %/month) (p=0.26). 

 

ROC curve analysis of the initial %LGE for predicting LGE progression 

The ROC curve was generated to predict LGE progression at CMR-2 in relation to 

the %LGE at CMR-1. Sensitivity and specificity for prediction of LGE progression over time were 

93% and 84%, respectively, with the initial %LGE of 7.7% as the best cutoff (p<0.001, Figure 5) 

 

 

Figure 5. 

Receiver-operating characteristic curve for predicting a significant increase of LGE in relation to the 

initial %LGE (AUC= 0.87, p<0.001). 

AUC, area under the curve.
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Intra- and inter-observer agreement 

Intra- and inter-observer agreements were measured in 10 randomly selected CMR scans. 

Good agreement was elicited for both measures. Intra-class correlation coefficient for LGE 

quantification was 0.93 and 0.82 for intra- and inter-observer variabilities, respectively. 
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Discussion 

 

HCM is characterized as a common genetic disease that is inherited as an autosomal dominant 

trait, with various types of mutations being implicated, mainly involving sarcomere genes (3). 

However, LV hypertrophy is rarely evident at birth or at early stages of life, but is characteristically 

detected after adolescence (18). In addition, the de novo presentation of the HCM phenotype in late 

adulthood has been documented in individual patients (19, 20), and symptomatic development of 

heart failure or arrhythmia is usually obvious at an advanced age, all of which suggest that HCM is an 

evolving disease. Since myocardial fibrosis is a pathological hallmark of HCM and is closely related 

to prognosis, it is conceivable that it can be a progressive phenomenon in HCM. Recently, Todiere et 

al. (8) observed that LGE progression is a real phenomenon in HCM, and this is especially true in 

apical HCM. Despite attractive, their results are in clear contrast with the common belief that the 

prognosis of apical HCM is generally good (9, 10, 21). Given that LGE, an in-vivo CMR 

demonstration of the presence of myocardial fibrosis, has been repeatedly reported to be closely 

linked to sudden cardiac death (caused by malignant arrhythmia) and progression of heart failure (22, 

23), their findings should be re-evaluated in a separate HCM cohort for the purpose of validation.  

 In the present study, I evaluated LGE changes between 2 serial CMR examinations separated 

by a mean time interval of 570±175 days. I found no significant association of LGE progression with 

hemodynamic CMR variables such as LV volumes (irrespective of LV end-diastolic or end-systolic), 

LV systolic function, and subjective symptomatology of NYHA class. LVMI was not related to LGE 

progression, as well. Instead, similar to the findings by Todiere et al (8), I found that there was a 

significant increase in LGE extent for approximately 1.5 years of follow-up, and also found that LGE 

progression can be predicted with good accuracy by the initial LGE extent on CMR and HCM 

subtyping. Of interest, however, I could not reproduce their observation that patients with apical HCM 
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showed rapid LGE progression. Intuitively, our findings appears to be more reasonable, when I 

consider the notion that LGE observed on CMR has prognostic implications (5, 22), and the common, 

widely held belief that apical HCM is indicative of a good prognosis (9, 10, 21). Potential 

explanations regarding the discrepancy between the results of the earlier study (7) and ours may 

include differences in study population, methodology of LGE measurements, and genetic 

susceptibility. Indeed, a close association between LGE and certain troponin mutations was suggested 

(25). When I take a close look at the Figure 5 of the previous study (8), however, the exclusion of 2 

patients with apical HCM showing the highest LGE increment at the follow-up CMR appears to make 

the risk of apical HCM comparable to other types of HCM. Nevertheless, this cannot explain all 

discrepancies between the 2 studies because there were no apical HCM patients showing LGE 

progression in the present study. 

In contrast with apical HCM patients, patients with the non-apical type of HCM suffered from 

a significant increase in LGE at CMR-2 (Figure 1B). Apart from a protective role of apical HCM in 

the progression of LGE in the short-term, I also found that the extent of LGE at the CMR-1 was of 

predictive value, which is in line with the finding by Todiere et al (7). On multivariate analysis, a 1% 

increase of LGE at the CMR-1 can predict a 23% increased risk of LGE progression over the next 1.5 

to 2 years. To identify the most appropriate cutoff value of the initial %LGE for discrimination of 

HCM patients at high risk of LGE progression, ROC curve analysis was performed and, as a result, 

LGE extent of 7.7% quantified at CMR-1 can predict future progression of LGE at CMR-2, with a 

sensitivity and specificity of 93% and 84%, respectively. Given a close link between LGE and 

prognosis (6, 7, 26, 27), quantification of the initial LGE extent is expected to contribute to risk-

stratifying HCM patients.  

All of these findings have some important clinical implications. With an increasing 

recognition of the clinical relevance of LGE in the HCM population, many cardiologists try to 

identify the presence of LGE and its extent at an early stage of the disease. However, limited 
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information is now available on how frequently CMR should be repeated to detect LGE changes, and 

whether all subtypes of HCM patients should undergo repeated CMR examinations. HCM patients 

with LGE at CMR of a single time point did not identify the patients achieving study end-points 

defined as all-cause death, sudden cardiac death and hospitalization of heart failure over the 2 years of 

follow-up; this argues for assessment of LGE changes with repeated CMR (12). Based on our current 

data, serial follow-up of CMR to detect LGE changes could be delayed more than 1.5 to 2 years in 

patients with apical HCM. Furthermore, patients with apical HCM could be advised not to worry 

about the progression of myocardial fibrosis at least for the next 1.5 to 2 years. On the other hand, it is 

reasonable that CMR should be repeated about 2 years later in non-apical HCM patients, especially 

those with a large extent of LGE on the first CMR scan. Since the extent of LGE progression and its 

rate of progression cannot be reflected by subjective feelings of functional capacity alterations 

reported by patients as shown in this study, identification of LGE progression by LGE would provide 

additional complementary means of risk stratification in the management of HCM patients. 

 

Study limitations 

Several limitations need to be acknowledged. Firstly, the study population was relatively 

small, and thus further studies (in particular, recruiting a large number of patients with apical HCM) 

are required to draw definite conclusions. However, of all studies published to date, the study 

population was the largest in size. Secondly, the method adopted for LGE quantification can be a 

controversial issue. In fact, there is hitherto no accepted gold standard tool for quantifying LGE. 

However, Moravsky et al. elegantly demonstrated that LGE that is quantified using 5 SD approach 

yields the closest approximation to the extent of total fibrosis when compared to the histopathological 

standard of reference (13). Moreover, this study mainly focused on LGE changes per se on a single 

patient basis, and thus I believe that quantification method is unlikely to exert a significant effect on 

the results presented here. Finally, I did not analyze whether LGE progression is tightly associated 
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with future adverse events in HCM, mainly because of the short period of follow-up. A longer follow-

up period would be required to evaluate the prognostic relevance of LGE progression. 
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Conclusions 

 

Myocardial fibrosis in HCM as detected by LGE CMR is a progressive phenomenon. As 

LGE is not expected to progress in patients with apical HCM, at least for the following 1.5 to 2 years, 

there is no need for annual CMR follow-up in this special subtype of HCM. Apart from this protective 

feature of apical HCM, the LGE extent obtained at the first CMR scan can be used as an important 

predictor for LGE progression, and thus attending cardiologists could be advised to be more 

concerned about those HCM patients with a greater extent of LGE revealed by the first CMR scan. 

Further studies regarding the clinical and prognostic impact of the LGE changes can help determine 

whether longitudinal follow-up of LGE on CMR is preferable to a “single-shot” of CMR strategy for 

risk stratification of the HCM population. 
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국문 초록 

 

서론: 비후성심근증 환자의 심장 자기공명영상을 통한 지연조영증강영상은 비후성심근증

의 중요한 병리 기전으로 생각되는 심근 섬유화를 간접적으로 볼 수 있게 해주었다. 그

러나 비후성심근증 환자에서 지연조영증강되는 심근의 양이 실제로 증가하는지 여부에 

대해서는 아직 데이터가 많지 않다. 본 논문은 비후성심근증 환자에서 지연조영증강되는 

심근이 시간이 지남에 따라 증가하는지, 그리고 이러한 변화를 예측할 수 있는 인자에는 

어떤 것이 있는지에 대해 알아보고자 한다. 

방법: 총 61 명의 비후성심근증 환자가 전향적으로 등록되었으며 (평균 59±14 세; 남성

41 명), 평균 570±175 일의 시간간격을 두고 심장 자기공명영상을 시행하였다. 지연조

영증강되는 심근의 양은 좌심실 전체의 심근에 대한 비율(%LGE)로 표현하였다.  

결과: 총 57 명(93.4%)의 환자에서 지연조영증강이 관찰되었으며, 지연조영증강되는 심

근의 양은 두번 시행한 심장 자기공명영상 사이에 유의하게 증가하였다 (6.8±6.4% vs. 

9.0±8.8%, p<0.001). 두번째 심장 자기공명 영상에서 지연조영증강되는 심근의 양이 

4% 이상의 증가를 보인 경우를 유의한 지연조영증강의 증가로 정의하였을 때, 이는 비 

심첨부 비후성심근증에서는 15 명 (24.6%) 에서 관찰되었으나 심첨부 비후성심근증에

서는 한 명도 관찰되지 않았다. 첫번째 심장 자기공명영상에서 지연조영증강된 심근의 

양과 비후성심근증의 종류가 지영조영증강된 심근이 증가하는 것을 잘 예측하였다 

(p<0.001, p=0.006). 두 심장 자기공명영상 사이의 지연조영증강된 심근량의 차이는 

첫번째 심장 자기공명영상의 지연조영증강의 양에 비례하였으며(r=0.46, p<0.001), 지

연조영증강의 증가속도는 비 심첨부 비후성심근증에서 더 유의하게 높았다 (0.16%/월 

vs. 0.025%/월, p=0.002). ROC 곡선 분석에서 첫번째 심장 자기공명영상의 지연조영증
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강의 양이 7.7%일 때 지연조영증강의 증가를 예측하는 민감도와 특이도는 각각 93%, 

84% 이었다 (p<0.001). 

 

결론: 비후성심근증에서 심근의 섬유화는 빠르고 또한 진행하는 현상이다. 향후 지연조

영증강의 증가를 예측하는 중요한 인자는 처음 평가한 심장 자기공명영상의 지연조영증

강의 양이며, 심첨부 비후성심근증은 지연조영증강의 증가에 대한 보호 인자로 생각된다. 

------------------------------------------------- 

주요어 : 비후성심근증, 심장 자기공명영상, 지연조영증강 

학  번 : 2012-22731 
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